Impending surgery is a stressful condition and people awaiting an operation experience anxiety [1] . Preoperative anxiety is characterized by subjective feelings of tension, apprehension, nervousness, and worry. Research has shown that preoperative anxiety is related to fears of surgical failures, anesthesia, fear of loss of control, and fear of death [2] . It is speculated that presurgical patients display a fear/anxiety syndrome because they are fearful of surgery and are anxious about unknown consequences.
dala plays a pivotal role in the elimination of conditioned responses, and the prefrontal cortex appears to have a modulatory effect on amygdala function [5, 6] . From these findings, it can be hypothesized that if patients are faced with a major operation, a stressful condition, these brain areas become dysfunctional.
On F-18 fluorodeoxyglucose positron emission tomography (F-18 FDG PET), panic disorder patients showed increased cerebral glucose metabolism in various brain areas including amygdala, hippocampus, thalamus, cerebellar tonsil, and pons [7] . However, in another study testing panic disorder patients at rest, F-18 FDG PET did not reveal glucose metabolic differences in global gray matter between patients and normal controls [8, 9] . After treatment with imipramine, imipramine-treated panic disorder patients showed decreased cerebral glucose metabolism in the cerebral cortex compared with nonmedicated panic disorder patients, but the same abnormally low left and right hippocampal and posterior inferior prefrontal glucose metabolic ratios were observed as in the nonmedicated study participants.
Although a possible association between preoperative anxiety and abnormal cerebral glucose metabolism may exist, there have been a limited number of detailed studies of F-18 FDG PET in preoperative anxiety patients and postoperative changes of cerebral glucose metabolism in patients with lumbar spinal stenosis (SS). The primary purpose of the current study was to determine whether patients with SS and pre-operative anxiety show postoperative changes in cerebral glucose metabolism.
Materials and Methods
We studied 18 patients who were treated by posterior decompression with fusion using pedicle screw fixation for the surgical treatment of lumbar SS. The diagnosis of SS was based on clinical presentation and radiological findings (plain radiograph, computed tomography, and magnetic resonance [MR] imaging). All patients were diagnosed as having SS. All patients between 46 and 78 years of age presenting with SS were asked to voluntary be tested on a Hamilton anxiety rating scale (HARS) [10] and a Zung self-rating anxiety scale (ZAS) [11] and to undergo F-18 FDG brain PET imaging preoperatively and 6 months postoperatively.
All subjects were also examined clinically before entering the study to rule out any hidden metabolic disease or psychiatric disease that could affect cerebral glucose metabolism. In addition, brain MR imaging studies were performed in all subjects before entering the study in order to rule out any organic brain lesions. Subjects with a history of neuromuscular disease, endocrine disease, connective tissue abnormalities, organic brain disease, psychiatric disease or previous spinal surgery were excluded from the study. All subjects provided informed consent before the examinations and measurements. The study was approved by the Clinical Research Ethics Committee of the university and the hospital.
F-18 FDG brain PET
Single frame brain PET scans of 15 minute duration were acquired starting 60 minutes after intravenous injection of 370 MBq (10 mCi) F-18 FDG using a Gemini PET/CT scanner (Philips, Milpitas, CA, USA). Scanning was done with the subjects under resting conditions with their eyes closed and ears unplugged, comfortably lying in a darkened and quiet room. Subjects fasted for at least 6 hours before positron emission tomography (PET) imaging. PET images were reconstructed using 3D RAMLA (2 repetition, 0.006 relaxation parameter) and displayed in a 128 × 128 matrix (pixel size = 2 × 2 mm, with a slice thickness of 2 mm). Attenuation correction was done with a uniform attenuation coefficient (μ= 0.096/cm). In-plane and axial resolution of the scanner were 4.2 and 5.6 mm full width at half maximum (FWHM), respectively.
Image analysis
Spatial preprocessing and statistical analysis were done using the SPM2 program in Matlab ver. 7.2 (The MathWorks, Inc., Natick, MA, USA). All the reconstructed F-18-FDG brain PET images were spatially normalized into Montreal Neurological Institute (MNI, McGill University, Montreal, QU, Canada) standard templates by an affine transformation (12 parameters for rigid transformations) and a non-linear transformation, then smoothed with a FWHM 8-mm Gaussian kernel to increase the signal-tonoise ratio and to account for subtle variations in anatomic structures. To remove the effects of the difference in the overall counts, the voxel counts were normalized to the mean voxel count of the gray matter in each PET image using proportional scaling.
In view of a priori knowledge suggesting involvement of the cingulate, hippocampus, inferior frontal cortex, and striatum in the anxiety disorders, an uncorrected p-value of p < 0.001, was chosen for the analysis of these regions in order to minimize type I errors. The clusters that passed this threshold were considered significant at p < 0.05 corrected for multiple comparisons using a false discovery rate.
The Talairach brain coordinates were estimated from a non-linear transformation from MNI space to Talairach space (ver. MR image template provided by SPM2, thereby allowing anatomic identification. To define the effect of treatment on cerebral glucose metabolism between preoperative and postoperative changes, paired t-tests were used, which are statistical models in SPM2 based on the general linear model. Also, linear correlations of regional brain glucose metabolism of preoperative and postoperative F-18 FDG PET images with HARS and ZAS scores were investigated using 'single subject: covariates only' analysis and simple regression analysis, statistical models in SPM2 based on the general linear model. We looked for all voxels where regional cerebral glucose metabolism was significantly correlated with HARS and ZAS scores. A spatial extent threshold of 0 voxels was also used at all times to define any subtle changes in the study group.
Statistical analysis
Statistical analysis was done with SPSS ver. 11.5 (SPSS Inc., Chicago, IL, USA). Data were expressed as mean (± standard deviation). Preoperative and postoperative data were compared using a paired t-test. A p < 0.05 was regarded as statistically significant.
Results

Patient characteristics
There were 18 SS patients (13 women and 5 men) with a mean age of 64.7 ± 8.2 years in this study. The mean preoperative HARS score was 31.3 ± 4.9 and the mean preoperative ZAS score was 51.8 ± 4.1. The mean postoperative HARS score at 6 months was 12.3 ± 3.7 and the mean postoperative ZAS score at 6 months was 28.8 ± 4.0. The mean HARS score and ZAS score were significantly lower postoperatively than preoperatively (p < 0.001 and p < 0.001, respectively).
Brain areas activated postoperatively
Comparison of pre and postoperative F-18 FDG PET scans showed activated brain areas in several brain clusters in gray matter (Table 1, Fig. 1 ). These included left parahippocampus (voxel size 12, peak Z vale = 3.4, p < 0.001), left cerebellar tonsil (voxel size 20, peak Z value = 3.35, p < 0.001), left inferior semi-lunar lobule (voxel size 11, peak Z value = 3.32, p < 0.001), and right cerebellar tonsil (voxel size 6, peak Z value = 3.21, p = 0.001). Table 2 and Fig. 2 show deactivated brain areas postoperatively in SS patients that had preoperative anxiety. Brain areas included are right insula (voxel size 114, peak Z value = 4.2, p < 0.001) (Brodmann area 13), left fusiform gyrus (voxel size 324, peak Z value = 4.07, p < 0.001) (Brodmann area 37), left orbitofrontal cortex (voxel size 37, peak Z value = 3.48, p < 0.001) (Brodmann area 10), left inferior frontal gyrus (voxel size 12, peak Z value = 3.42, p < 0.001) (Brodmann area 9), left middle frontal gyrus (voxel size 2, peak Z value = 3.32, p < 0.001) (Brodmann area 8), left precuneus (voxel size 4, peak Z value = 3.30, p < 0.001) (Brodmann area 31), and left inferior frontal gyrus (voxel size 6, peak Z value = 3.18, p = 0.001) (Brodmann area 9).
Postoperative deactivated brain areas
Correlation of brain metabolism and anxiety scores
No significant correlation was found between (a) HARS or ZAS scores and (b) abnormalities in cerebral glucose metabolism in any preoperative or postoperative F-18 FDG PET images.
Discussion
The current study shows that several brain areas are postoperatively activated after surgical treatment in SS patients that had preoperative anxiety. During follow-up, SS patients that had preoperative anxiety showed increased cerebral glucose metabolism in several brain areas including both hemispheric cerebellar tonsils and left parahippocampus. Recently, the relationship between cerebellar regions and panic disorder was reported, which suggests a role for the cerebellum in fear-conditioning consolidation [12] . Similar results were found in a recent study [7] . In that study, panic disorder patients showed appreciably greater state anxiety before scanning, and exhibited significantly higher levels of glucose uptake in the bilateral amygdala, hippocampus, and thalamus, and in the midbrain, caudal pons, medulla, and cerebellum than controls.
The parahippocampus is believed to be associated with increased regional cerebral blood flow and metabolism in subjects with panic disorders [8] . In an F-18 FDG PET study, the severity of anxiety symptoms in affective disorder patients was reported to be positively correlated with regional cerebral glucose metabolism in the right parahippocampal and left anterior cingulate regions [13] .
In the current study, some deactivated brain areas were noted on the follow-up F-18 FDG PET study. Among these deactivated brain areas, the fusiform gyrus is considered to be associated with a part of the higher sensory cortex that is involved in the perceptual representation of social stimuli [14] . A recent study showed that the right fusiform gyrus and the right lingual gyrus showed a strong negative correlation between the total Liebowitz Social Anxiety Scale score and resting brain perfusion in patients with social anxiety disorder [15] . These brain areas may point to defective perception of self and others in social anxiety disorder patients [15] .
Previous neuroimaging studies found that panic disorder patients either at rest or during panic attacks had altered function in limbic and paralimbic structures such as the parahippocampal gyrus, ventromedial prefrontal cortex, anterior cingulate cortex, insula, hippocampus, amygdala, brain stem and cerebellum [7, [16] [17] [18] . Among these limbic and paralimbic structures, the insula also has a distinctive role in the panic attack. In social anxiety disorder patients, the insula showed increased activity during anticipatory anxiety and during a fear conditioned response [19] . However, during a fear conditioned public speaking task, the insula showed decreased activity [20] . In particular, the insular cortex is supposed to process visceral responses accessible to awareness as subjective feeling states [21] . Some studies have found altered insular function in anxiety disorders. It has been shown that the insula is activated during anticipatory anxiety paradigms in healthy subjects and in patients with social anxiety disorders [19, 22] .
Similar to the current study, Warwick et al. [15] reported that effective pharmacotherapy decreases resting insular perfusion bilaterally in social anxiety disorder patients. They speculated that resting brain perfusion may be increased in the insula in social anxiety disorder patients, with normalization following successful pharmacotherapy. Kilts et al. [23] also demonstrated that the insula shows increased activity related to re-experiencing social anxiety provoking situations after nefazodone treatment.
Interestingly, in the current study, the orbitofrontal cortex, and the inferior and middle frontal cortex showed deactivation during a follow-up F-18 FDG PET study in SS patients that had preoperative anxiety. The orbitofrontal cortex has been implicated in a variety of functions, particularly higher-order executive functions. The orbitofrontal cortex and amygdala are supposed to be components of the neural circuitry involved in the adaptive processing of emotion and in psychopathology [24] . A recent study demonstrated that orbitofrontal cortex lesions significantly increased left frontal asymmetric brain electrical activity, which is a finding similar to findings in the current study [25] . Recurrent hyperperfusion in the right anterior lateral orbitofrontal cortex was also reported recently in obsessivecompulsive disorder patients and this finding provides evidence of orbitofrontal cortex involvement in the pathophysiology of obsessive-compulsive disorder [26] . Contrary to the current and previous reports, right orbitofrontal cortex gray matter volume was significantly smaller in breast cancer survivors with post-traumatic stress disorder (PTSD) than in those without PTSD or healthy subjects [27] . They concluded that the orbitofrontal cortex, which is involved in the extinction of fear conditioning or the emotional retrieval of autobiographical memory, forms part of the neurobiological basis of PTSD.
Using PET, a study found that changes in brain metabolism after treatment with either cognitive behavioral therapy or antidepressants were similar in several brain areas: decreases were found in the right hemisphere, in superior, middle and inferior frontal gyrus, and superior and middle temporal gyrus; increases were detected in the left hemisphere, inferior frontal gyrus, superior, middle and transverse temporal gyrus, and insula. However, no changes were found in limbic areas [18] .
The right precuneus was reported to show decreased resting brain perfusion in social anxiety disorder patients compared to healthy controls in a recent study [15] . According to a previous study, social anxiety patients had right precuneus activation in response to a social task and an evaluation task following pharmacotherapy [23] . Similar to the current study, Carey et al. [28] reported that the left precuneus showed deactivation in obsessive-compulsive disorder responders relative to non-responders following treatment with inositol [29] .
However, the current study could not find any evidence for excessive amygdalo-hippocampal activity and changes of glucose metabolism in the same circuit at follow-up in SS patients that had preoperative anxiety.
It is unclear whether different neurocircuitry systems are involved in general anxiety disorder and preoperative anxiety disorder. However, modern brain imaging techniques have proved useful in exposing overlapping neurocircuitry that underlies individual anxiety disorders [30] .
Conclusions
SS patients with preoperative anxiety showed altered cerebral glucose metabolism at follow-up in F-18 FDG PET studies. Both cerebellar tonsils, left parahippocampus, and left cerebellar inferior semi-lunar lobule were activated after treatment. Deactivated brain areas include the right insula, left fusiform gyrus, left orbitofrontal cortex, left inferior frontal gyrus, left middle frontal gyrus, left pre-
